Abstract. During the period 2010-2012, two experiments were carried out in unused natural meadows and pastures at altitude of 1100 m and 1530 m, with sample plot size of 10 m². Five agro technical measures were studied in the following variants: In natural meadows: 1. without application of measures (control); 2. cleaning of plots from trees, shrubs and stones, cutting and harvesting; 3. cleaning of plots from trees, shrubs and stones, nitrogen-phosphorus fertilization with 80 kg N ha ) and phosphorus (90 kg P 2 O 5 ha -1 ) fertilization and respectively with organic-mineral fertilization-manure 7 t ha -1 , 60 kg N ha -1 and 70 kg P 2 O 5 ha -1 contributed to the increase of the grass stands productivity of unused natural meadows in the highest degree. Average for the period of investigation, more green and dry mass were obtained, exceeding the control with 69.9 and 120.5% and with 54.0 and 74.0%, richer in the crude protein, the crude fat and the calcium. Grazing of the old grass cover of unused natural pastures combined with application of mineral fertilizers 75 kg N ha , 60 kg P 2 O 5 ha -1 led to an acceleration of growth and development of the grass plants and increase the productivity of grass stands. The resulting green mass (12.2-13.2 t ha -1 ) was higher than the control and with higher nutritive value. The applied measures contributed to increase the share of grasses in the grass stand. The fertilization with organic and mineral fertilizers contributed to increase the content of crude protein in the forage and decrease the crude fibre.
, 90 kg P 2 O 5 ha -1 active matter, cutting and harvesting; 4. cleaning of plots from trees, shrubs and stones, organic-mineral fertilization with manure-7 t ha -1 , 60 kg N ha -1 and the 70 kg P 2 O 5 ha -1 , cutting and harvesting; 5. cleaning of plots from trees, shrubs and stones, application of organic fertilizer Humustim-400ml/ha, cutting and harvesting. In natural pastures: 1. without application of measures (control); 2. grazing; 3. grazing and cutting of the forbs ungrazed by the animals; 4. nitrogen-phosphorus fertilization with 75 kg N ha -1 , 85 kg P 2 O 5 ha -1 and grazing; 5. organic-mineral fertilization with manure-10 t ha -1 , 50 kg N ha -1 , 60 kg P 2 O 5 ha -1 active matter and grazing. It was established that as a result of the cleaning of plots in combination with nitrogen (80 kg N ha -1 ) and phosphorus (90 kg P 2 O 5 ha -1 ) fertilization and respectively with organic-mineral fertilization-manure 7 t ha -1 , 60 kg N ha -1 and 70 kg P 2 O 5 ha -1 contributed to the increase of the grass stands productivity of unused natural meadows in the highest degree. Average for the period of investigation, more green and dry mass were obtained, exceeding the control with 69.9 and 120.5% and with 54.0 and 74.0%, richer in the crude protein, the crude fat and the calcium. Grazing of the old grass cover of unused natural pastures combined with application of mineral fertilizers 75 kg N ha -1 , 85 P 2 O 5 kg ha -1 and respectively with organic-mineral fertilization-manure 10 t ha -1 , 50 kg N ha -1 , 60 kg P 2 O 5 ha -1 led to an acceleration of growth and development of the grass plants and increase the productivity of grass stands. The resulting green mass (12.2-13.2 t ha -1
Introduction
Natural meadows and pastures form a larger part of the vegetation cover of the country and are of great economic and environmental importance.
In the meadow community legumes are holders of proteins. They are important source of proteins due to greater contribution of legumes [ODZHAKOVA, 2001] .
Average 1.5-2.5 t.ha 1 a hay is obtained from the natural meadows in Bulgaria [DAVID et al., 2002; COMAKLI et al., 2005] , and two times less from the pastures [VUTEVA, 2003; PAVLOV, 2007; STOEVA et al., 2002] . Natural ecosystems are unstable, due to the influence of the accelerated geochemical migration, slower processes of circulation of substances and increased erosion, which determine their lability [MIHAILOVA and TZVETKOVA, 2000] . Availability and species diversity of vegetation that can be used for animal feeding depends on climatic and soil conditions of the habitat [TODOROVA, 2000; STOEVA et al., 2002] . Natural grass stands are mainly used for grazing, as pasture rearing of cattle and sheep favorably affects the quality indices of milk and milk products [ELGERSMA et al., 2006] . By reducing the number of animals and the possibility of grazing and cutting of meadows and pastures in the recent years has been observed deterioration in the species composition and increase the spread of bracken, juniper and other plant species (weeds) of poor nutritional value. Unregulated grazing followed by succession, as well as the ploughing of pastures leads to loss of grass habitats [SEBASTIAN et al., 2007] . Problem of the present day in our country remains the question of the application of organic fertilizers [VASILEVA, 2015 , 2013 for the soil improvement of natural grass stands and cleaning from trees, shrubs and weeds in order to obtain clean plant and animal production. This is also dictated by the fact that the results of experiments conducted in natural meadows in the region of Middle Rhodopes are poor [JANCOVIC et al., 2000; KOZHUHAROV, 2002] . The objective of this study was to investigate effective agrotechnical measures for improvement of the productivity and botanical composition of grass stands and the quality of forage from unused natural meadows and pastures in Smolyan region.
Material and methods
The study was conducted during the period 2010-2012 on unused natural meadows and pastures, privately owned.
Two experiments were carried out at altitude of 1100 m and 1530 m. Plots with size 10 m² were measured in every experiment, in four replications, and five agro technical measures were tested in the following variants:
In natural meadows: Cutting of the grass mass in the meadows was performed in phase of ear formation of grasses and florescence of legumes, which was carried out during the period 2-13 July, depending on the meteorological conditions during the year.
Grazing of pastures from animals (cows and calves) was performed at grass stand height 20-25 cm.
The following indices were reported: yield of green and dry mass; botanical compositions of grass stand; chemical composition of grass stand.
Yield of green and dry mass of grass stand from natural meadows and pastures. The yield of green mass in the natural meadows was determined by direct weighing from each trial plot and recalculated in t ha -1 , and dry matter by drying the plant samples to constant weight at temperature of 60C and calculated on the basis of yield green mass and percentage of dry matter in plant sample. In pastures the amount of grazed green mass was calculated by the cutting method and for this purpose cutting was performed at plants height of [20] [21] [22] [23] [24] [25] [SANDEV 1979] . The sample was taken from each variant and each replication. The samples were dried, ground and stored in acclimatization room at the best conditions before testing.
The values of crude protein (СР) were reported on the basis of obtained nitrogen by converting of N x 6.25, according to the method of Kjeldahl [AOAC, 1995] . After exstraction of crude protein, crude fat and crude ash remains carbohydrates, which are divided into NFE and crude fibre (CF), further crude fibre is determinate by acid hydrolysis with 1.25% H 2 SO 4 and by alkaline hydrolysis with 1.25% NaOH by Weende method. Calcium (Ca) content was determined complexometrically and phosphrus (P) by hydroquinone.
Statistical data processing was done by the variation-statistics method [LIDANSKI, 1988, BUTNARIU and SAMFIRA, 2012] , including: average values (X), standard deviation (SD), minimum (min) and maximum (max) values, coefficient of variation (CV%).
Degree of variability was expressed by the variational coefficient, according to Mamaev scheme: up to 7%-very low, 7.1-12% low; 12.1-20% average, 20.1%-40% high and 40% very high. The primary data was processed by the method of dispersion analysis. It was estimated the significance of the differences according to parameters by LSD.
Results and discussion
Yield of green mass of grass stand from natural meadows and pastures. In the first year of conducting the experiments, systems of measures consisting of cleaning the meadows, combined with mineral and organicmineral fertilization showed high positive effect on yield of green mass (Table 1) . (2012) and 120.5% (average for the period).
As a result of cleaning the plots and treatment with organic fertilizer Humustim (variant 5), positive effect on growth and development of grass stand was observed only in the first experimental year, and the amount of green mass was 15.4 t ha -1 , the excess compared to the control was with 102.6%, and the effect was less marked than that obtained in variant 4.
In the second and third year, as well as average for the period in the combined fertilization with N and P, higher yield of green mass was obtained in comparison with the only application of organic fertilizer Humustim in natural meadow.
Similar results for obtaining high productivity by combined fertilization at low rates N and P applied in Chrysopogon gryllus, Poasilvicola-Festuca pratensis and Holcus lanatus-Festuca pratensis meadows were obtained by Yakimova and Dzhumalieva YAKIMOVA and DZHUMALIEVA, 1977 , BUTNARIU, 2014 . It was established that in the mathematical processing of data in years and average for period, the differences in the yields of green mass were highly significant in application of all measures, ways, species and rates of fertilization.
Data in years and average for the studied period ( It was noticed in the first year the relatively unessential difference in the yield of green mass in the variants with grazing and cutting of the ungrazed forbs from the animals (variant 2) and in fertilization with 75 kg N ha -1 +85 kg P 2 O 5 ha -1 and grazing (variant 3), which was obvious from the exceeding with 41. 2 and 38.8% compared to the control.
In the second year the yield of green mass in variant 5 increased almost three times in comparison with the yield obtained in the first year, and the exceeding compared to the control was with 100.4%.
It was observed tendency of increase of the productivity with increase of the applied measures, respectively from 65.9 to 100.4%.
In the third year the effect of the fertilization was very clearly defined in variants 4 and 5, and the increase of the yield was 240.0 and 257.1%, respectively.
The applied manure in combination with the mineral fertilizers N and P considerably increased the yields from the pasture, which showed that there was severe shortage of organic and mineral fertilizers in the region.
Average for the three years of the trial period, the effect of fertilization with manure in combination with nitrogen and phosphorus (variant 5) was greater in comparison with the unfertilized and the fertilized variants with nitrogenphosphorus fertilizers.
Combined fertilization with mineral fertilizers N and P was ranked second in productivity, as the productivity exceeded the control with 94.9%.
Studied measures for surface improvement of natural meadows and pastures in certain years were with almost same effect, and it was observed same arrangement of the variants but between the years there were certain differences.
In 2011 the effect of the application of the studied measures was the greatest, while in 2012 it was very little.
Low values of the indices in this last year of the study can be explained by very unfavorable climatic conditions for the growth and development of grass species for most of the vegetation period (long winter until April, heavy rains in May and extended dry period until the cutting).
In this connection it should be noted that during years 2010 and 2011 drought occurred at the end of June, whereas in 2012 this circumstances was observed earlier, i.e., at the beginning of June.
All this inevitably reflected negatively on the productivity of green and dry mass in all investigated variants.
Regarding the effect from positive measures in pastures, it was more clearly defined in those measures including grazing of plots in combination with mineral (variant 4) and organic-mineral fertilization (variant 5). Both systems of measures caused better development of grass stands and formation of more green mass. The amount of the grazed from the animals green mass average for the trial period was 12.2 t ha -1 and 13.2 t ha -1 , respectively (Table 1) .
In 2011 the animals grazed more green mass in comparison with 2012. Low values of the indicator in this last year of the study were mainly due to unfavorable climatic conditions as it was indicated in the natural meadows.
Yield of dry matter of grass stand from natural meadows. In the different years, as well as average for the studied period, the conducted measures and the applied mineral and organic fertilizers considerably increased the yield of dry matter of natural grass stands (Table 3 ).
In the first year the increase of the yield of dry matter compared to the control in the cleaned and fertilized plots with manure-7 t ha -1 + 60 kg N ha -1 and 70 kg P 2 O 5 kg ha -1 + cutting + harvesting (variant 4) was with 63.3%.
The effect from the conducted in this way measures was also very clearly defined in the other two years and average for the studied period.
From the first till the third year it increased respectively from 63.3% (in 2010), 72.7% (in 2011), and 100.0% (in 2012).
In the first year differences for all variants were highly significant, in the second year variant 2 was with significant differences, variants 3 and 4 were with highly significant differences and variant 5 was with insignificant differences.
In the third year with insignificant differences was the variant without fertilization, but with cleaning of the plots, cutting and harvesting (variant 2), in the other variants were obtained highly significant differences.
Average for the period of the study, the highest yields were obtained again from the plots which were cleaned and fertilized with manure and nitrogen and phosphorus fertilizer as a result of which the yield exceeded the control with 74.0% and was with highly significant differences.
The hay yield in the variants with cleaning + 80 kg N ha -1 +90 kg P 2 O 5 kg ha -1 +cutting+ harvesting (variant 2) and with cleaning + Humustim-400 ml/ha, cutting + harvesting (variant 5) exceeded the yield of the control with 54.0 and 32.4%, as they ranged from 3.1 to 3.8 t ha -1 vs. 2.5 t ha -1 . Absorption of nutrients was much more complete when there was application of combined organic and mineral fertilizers compared to the application of only mineral fertilizers and fertilization with Humustim.
Although the differences were significant, the yields of the fertilization with Humustim were low (variant 5)-32.4% increase compared to the unfertilized control. Botanical composition of grass stands from natural meadows and pastures. Considerable changes in the botanical composition also occurred in the grass stand as a result of the fertilization (Table 4) . Forbs and grasses dominated in the composition of the natural grass stands in the first year.
In the plots fertilized with manure -7 t ha -1 +60 kg N ha -1 +70 kg P 2 O 5 ha -1 and treated with Humustim -4000 ml/ha, was noticed slight increase of legumes (25.5%-variant 4 and 23.4%-variant 5) and decrease of forbs.
In control and variant 2, in which was not applied fertilization dominated grasses, which participated in the grass stand with 50.0% (variant 2) and approached to the percentage participation of grasses in control variant (53.7%). The application of manure increased the share of legumes from 25.5% vs. 5.3% in the control plots. In the second year of the trial period, the conducted measures had slight influence on the percentage participation of grasses, which varied in the different variants from 40.3 to 49.5%.
The percentage participation of legumes was considerably increased by the applied fertilization, with exception of variant 5. All applied rates and combinations of fertilization led to decrease of percentage of forbs in grass stand, and as a result of the combined fertilization with manure + nitrogen + phosphorus it was 27.3%. Tendency of reduction of weeds and some increase of grasses was observed in separate years (2011 and 2012). The share of legumes was comparatively little, both in separate years and average for the trial period. It was noteworthy that the conducted measures contributed favorably to their increase.
Certain role had the fertilization systems-mineral (variant 3), organicmineral (variant 4) and application of organic fertilizer Humustim (variant 5).
The grass stands in the natural pasture were mainly presented by grasses in the first year. Legumes were completely missing in control and variant without applied fertilization, and in variants 3, 4, and 5 their participation in grass stand was from 2.2 to 2.7%.
It was observed that the forbs were also little (from 3.8 to 10.8%). The applied measures for surface improvement of pastures did not cause any change regarding the species composition of grass stand in second year. Again grass stand was presented by grasses, which participation was from 90.0% in control variant to 96.0% in variant with application of grazing and cutting.
Presence of legumes again was insignificant (from 1.5% to 5%); as slight increase was reported in grass stand fertilized with manure, nitrogen and phosphorus (variant 5).
Forbs were reported again with little presence in grass stand, and it was observed decrease of forbs in grass stand with the application of basic measures for surface improvement of pastures. Important role in this aspect had grazing (once-thrice) of grass stands by animals.
In third year grasses were with fewer shares in grass stand while the share of legumes (Trifolium compestre L., Lotus corniculatus L., Latirus tuberosus L.) was increased, from 7.6 to 11.9%, respectively. Again forbs were with less percentage as a result of positive measure. Poa pratensis and Agrostis alba dominated in the group of grasses.
Chemical composition of grass stands from natural meadows and pastures. The results of the chemical composition of grass stands (Table 5) show that the content of crude protein, crude fat, ash and calcium in natural meadows increased, and of phosphorus and NFE decreased under the influence of the applied measures. Measures cleaning of plots from old grass cover in conjunction with mineral and the combination of organic-mineral fertilization had certain role to accumulate more nutrients-variants 3 and 4.
More crude fibre (348.5 g kg -1 ), NFE (141.6 g kg -1 ) and phosphorus (4.39 g kg -1 ) were established in plants of the control variant. It was evident that this was due to participation of old grass cover together with the new one in grass stand.
With exception of variant 5 in all variants with applied measures, quantity of crude protein was increased mainly as a result of the increase of content of protein in plants, caused by the fertilization with nitrogen. Crude protein average for period was 9.5% at fertilization with 80 kg N ha . Very high degree of variability according to variation coefficient was reported by indicator NFE 63.6%, low degree by indices crude fibre (8.5%), ash (8.5%), Са (9.4) and P (10.6%). With the largest variation was indicator NFE (8.5-141.6) according to minimum and maximum values. Grass from natural pastures, developing in conditions of systems of measures grazing followed by cutting of ungrazed by animals forbs (variant 3) and grazing in combination with mineral and respectively organic-mineral fertilization (variants 4 and 5) were with more crude protein and crude fat.
Regarding the content of the other nutrients it varied differently within studied measures. Grass stand in control variant contained more crude fibre and this was caused by presence in its composition of weeds advanced in their development.
Fertilization with manure 10 t ha ). The pastures were with significantly lower content of crude protein according to its average value-48.6 g kg -1 and with high degree of variability according to the variation coefficient (21.6%). The forage from them had less quantity of crude fibre than the forage from natural meadows (319.1 g kg -1 ). The applied fertilization showed insignificant influence which was determined by the very low degree of variation according to the values of variation coefficient (6.4%).
The applied measurements resulted lower values of Ca 11.5 g kg -1 at average value of natural meadow 13.8 g kg -1 , while P was with similar average values in both 3.9 and 3.7 g kg -1 , respectively. The mentioned measures activated the soil potential and the produced forage from natural meadows and pastures was close to their ecological growing.
Conclusions
The applied measures for surface improvement of natural meadows and pastures were effective means for increase of yields and improvement of hay quality. As a result of the cleaning of plots in combination with application of mineral fertilizers 80 kg N ha ) and with higher nutritive value, creating conditions for more prolonged grazing of animals. The applied measures contributed for increase of the share of grasses in grass stand.
Fertilization with organic and mineral fertilizers contributed for increase content of crude protein in forage and decrease quantity of crude fibre.
